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Figure 6 Enhanced N-cadherin and B-catenin localization at cell-cell contact sites of cells expressing Dusp26. (a) Representative
images of immunostaining of NIH3T3 cells infected with Dusp26 or vector alone. Cells on coverslips coated with collagen and seeded
at low density were immunostained with anti-N-cadherin (N-cadh) and anti-Dusp26 (Dusp26) antibodies. Shown are single sections
obtained by confocal scans. Note Dusp26 and N-cadherin colocalization at the membrane ruffie (indicated by arrows) but not at cell-
cell contact sites (arrowhead), where N-cadherin is also enriched. (b, ¢} Enhanced N-cadherin (b) and B-catenin (c) localization at cell-
cell contact sites mediated by Dusp26. Cells were seeded at higher densities to aliow contact and analysed for N-cadherin (N-cadh) and
Dusp26 (b), and for B-catenin (B-cat) and F-actin (c). DRAQS staining shows similar cell densities of the fields.

tissue architecture. Altered adhesiveness is often asso-  phorylates the Kap3 subunit of the KIF3 motor and
ciated with increased cell motility. invasiveness and  promotes localization of N-cadherin/B-catenin to sites
tumor metastasis. We have shown that Dusp26 dephos-  of cell—cell contact, resulting in enhanced adhesion.
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Figure 7 Analysis of Dusp26 mRNA levels in primary tumor
samples. Downregulation of Dusp26 mRNA in primary glioblas-
toma samples and a neuroblastoma cell tine. Expression levels of
Dusp26 mRNA in human primary glioblastoma samples were
estimated by qRT-PCR. Results were normalized to mRNA levels
of the housekeeping gene porphobilinogen deaminase (PBGD) and
shown as relative to mRNA levels seen in normal brain (normal
brains (mixed)), which was set as 1.0. Also shown is Dusp26
expression in the human IMR-32 neuroblastoma cell line.

It has been established that post-Golgi transport of
B-catenin/Cadherin(s) to the plasma membrane is
mediated by the KIF3 motor (Jimbo et al., 2002; Teng
et al., 2005). Although the detailed mechanisms by
which Dusp26 enhances distribution of N-cadherin/
B-catenin remain unclear, they likely involve Kap3
dephosphorylation by Dusp26, since expression of its
inactive mutant does not alter Ca?*-dependent adhesion
(Figure 5) or N-cadherin localization (data not shown).
Accumulated evidence reveals the importance of mole-
cular motors such as myosin, dynein and KIF proteins
in organelle transport, but it remains largely unknown
how binding and release of cargo at destination sites
are regulated. Our results suggest a possible function for
Kap3 phosphorylation in these processes. Previous
studies in which phosphorylation of the myosin-V and
KIF17 motors by calcium/calmodulin-dependent pro-
tein kinase IT were suggested to control docking of cargo
(Karcher et al., 2001; Guillaud et al., 2008) support our
hypothesis. Identification of Kap3 phosphorylation
site(s) is the next critical step to address these issues.
Analysis of human glioblastoma revealed that Dusp26
expression was low compared to that seen in normal
brain in most samples. Given that cell-cell adhesion
was enhanced in cells expressing Dusp26, these results
suggest tumor-suppressing activities of Dusp26, and
that Dusp26 gene is silenced and/or deactivated in
glioma. Dusp26 downregulation may be associated with
invasive phenotypes of glioblastomas, although mechan-
isms underlying Dusp26 downregulation are not known.
In summary, Dusp26 dephosphorylates Kap3,
enhances cell-cell adhesion by promoting localization
of N-cadherin/f-catenin at sites of cell—cell contact

Regulation of KIF3 and cell—cell adhesion by Dusp26
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and is downregulated in human glioblastomas. Further
investigation to elucidate mechanisms regulating
Dusp26 expression in brain tumors and identify
kinase(s) responsible for Kap3 phosphorylation is
required to understand how dysregulation of intra-
cellular transport and cell—cell adhesion coincides with
tumor development.

Materials and methods

Antibodies

Anti-Flag M2 and anti-Myc 9E10 antibody were purchased
from Sigma (St Louis, MO, USA) and Roche (Basel, Switzer-
land), respectively.  Anti-B-Catenin ~ (#14),  anti-N-
Cadherin (#32), anti-Kap3 (#14) and anti-Kif3a (#28) mono-
clonal antibodies were from BD Transduction (San Jose, CA,
USA). Polyclonal anti-Dusp26 antibodies were described
previously (Takagaki et al., 2007).

Yeast two-hybrid screening

Full-length ¢cDNA encoding human Dusp26 was subcloned
into pBTM116-HA and used as bait to screen a human fetal
brain c¢cDNA library subcioned into pACT I (Clontech
Laboratories Inc., Mountain View, CA, USA). The L40 yeast
strain was transformed with bait and library plasmids, and
about 3 x 10° clones were screened. A total of 22 positive
clones were obtained and sequenced.

Cell culture, transfection and retrovirus infection

HeLa-TetOff (Clontech) and COS-7 cells were transfected
using Fugene6 (Roche, Mannheim, Germany) reagent follow-
ing the manufacturer’s recommendation. Dusp26 expression
plasmids were described previously (Takagaki er al., 2007).
Human Kif3a and Kap3 cDNAs were subcloned into pCMV-
Myc (Clontech). For stable transfection, Flag-tagged Dusp26
cDNAs were subcloned into the retroviral vector pMXs-puro.
The packaging line (PLAT-E cells; Morita et al., 2000) was
grown in Dulbecco’s modified Eagle’s mediurmn (DMEM) with
10% fetal calf serum (FCS) and transfected with a series of
pMXs-puro-Dusp26 plasmids using Fugene 6. The medium
was changed the next day and further cultured for 1 day.
Supernatants were used to infect NIH3T3 cells in the presence
of polybrene at 7.5 pg/ml for 5h. Infectants were selected and
maintained in medium plus puromycin. Human ATC cell lines
8305C, 8505C and HTC/C3 were obtained from the Health
Science Research Resources Bank (Ibaraki, Japan). 8505C and
HTC/C3 cells were cultured in DMEM with 10% FCS. 8305C
cells were maintained using MEM with 10% FCS. The human
IMR-32 neuroblastoma line was from RIKEN Bioresource
Center (Tsukuba, Japan) and cultured in MEM supplemented
with nonessential amino acids (Gibco, Carlsbad, CA, USA)
and 10% FCS.

Western blot analysis

Immunoprecipitation and western blotting were performed as
described (Takagaki et al., 2007). To analyse Kap3 phosphory-
lation, cells were washed in Hepes buffer twice, harvested and
lysed in radioimmunoprecipitation assay buffer by sonication
using Bio-ruptor (CosmoBio, Tokyo, Japan). Samples were
separated on a 6% SDS-polyacrylamide gel, with 50uM
Phos-tag acrylamide (ALL-107) and 100 pM MnCl,. Gels were
soaked in transfer buffer with 5mM EDTA for 10min and
electrotransferred.
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Immunohistochemistry

Cells were seeded on collagen-coated coverslips in 12-well
plates at 2.5 x 10 cells per well (subconfluent condition) and
fixed on the next day. To obtain confluent monolayers, cells
were seeded at 2 x 10° cells per well, cultured for 2 days and
fixed. Immunostaining was performed as described (Takagaki
et al., 2007) except images were obtained using a Pascal
confocal laser-scanning microscope (Zeiss, Jena, Germany).
DRAQS, a fluorescent DNA probe was obtained from Alexis
(Lausen, Switzerland).

Phosphatase assay and dephosphorylation of Kap3 in vitro
GST-Dusp26-AN1S5 was expressed in the E. coli DHS5« strain
using the pGEX system (GE Healthcare UK Ltd., Buck-
inghamshire, UK) and purified using glutathione sepharose 4B
following the manufacturer’s recommendations. pNPPase
assays were performed as described previously (Takagaki
et al., 2007). For in vitro Kap3 dephosphorylation experiments,
Kap3 was prepared by sonication of cells transfected with
Myc-Kap3 in buffer (50mM Tris-Cl, 150mM NaCl, 10%
glycerol, 0.1% Triton X-100). Cleared lysates were supple-
mented with dithiothreitol (DTT) at SmM and incubated with
or without GST-Dusp26-AN1S5 at 30°C for 3 h in the presence
or absence of 1 mM vanadate. In Figure 4g, Myc-Kap3 was
immunopurified from cells transfected Myc-Kap3 using anti-
Myc-Agarose (Sigma).

Cell aggregation assays

Cells were trypsinized in phosphate-buffered saline supple-
mented with 2mM CaCl,, suspended in medium, washed with
and then resuspended in medium, passed through a 27G
needle three times, and adjusted to 5 x 10° cells per ml. Cells
were incubated in 1.5ml tubes with gentle rotation at 37°C to
allow aggregate formation. After 20min, aliquots of the
suspension were evaluated and the extent of aggregation
calculated by the index (No—Nag)/No, where Ny is the total
particle number after 20 min incubation and Ny is the total
particle number at the initiation of incubation, as described
previously (Ozawa ef al., 1990). One-way analysis of variance
combined with Tukey’s test was used to analyse data with
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Primary tumor samples, qRT-PCR

Human glioblastoma samples were obtained with informed
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the Division of Neurosurgery, Miyagi Cancer Center. Histo-
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Organization) criteria by a neuropathologist. RNA analyses
were approved by the institutional review of Miyagi Cancer
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Tokyo, Japan) reagent and reverse-transcribed using oligo-dT
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Objective

To examine whether immunocytochemzistry can distinguish
pulmonary lavge cell nenroendocrine carcinoma (LCNEC)
among non~small cell lung cancers (NSCLCy).

Study Design

Tumor touch imprint cytolog-
ic specimens of 109 lung can-
cers were studied. Immunocy-
tochemistry was done using a
total of 8 primary antibodies:
chromogranin A, synapto-
physin, neural cell adbesion
molecule, neuron specific eno-
lase, CK34BEI2, thyreid
transcription factor-1, cytokeratin 18 and E-cadberin.

Results

If 2 or 3 antibodies of chromogranin A, synaptophysin and
neural cell adbesion molecule were stained positive and
CK34BE12 was not stained, pubmonary LCNEC can be se-
lected accurately among other NSCLCs with 100% sensi-
tivity and 100% specificity.

Conclusion

This study reveals that immunocytochemistry can belp dis-
tinguish LCNEC of the lung from other NSCLCs. (Acta
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The current study revealed that
immunocytochemistry can help
distinguish LCNEC accurately from

~ other NSCLCs.
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small cell lung cancer.

Neuroendocrine tumors
of the lung include
typical carcinoid, atypical
carcinoid, large cell neu-
roendocrine  carcinoma
(LCNEC) and small cell
carcinoma (SCL.C). Recent
studies showed no prognos-
tic difference was noted be-
tween LCNEC and SCL.C.1-3 The current World
Health Organization (WHO) classification catego-
rizes LCNEC as a variant of large-cell carcinoma clas-
sified into non-small cell lung cancer (NSCLC),* al-
though LCNEC is similar to SCLC from the
viewpoint of the prognosis. In treatment strategy,
LCNEC should be distinguished from other
NSCLCs. However, the preoperative diagnosis of
LCNEC is very difficult because only a"small tissue
specimen can be obtained preoperatively. The current

study examined whether the immunocytochemistry
can distnguish LCNEC from other NSCLCs.
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LCNEC of the Lung Immuncytochemistry

Material and Methods

Tumor touch imprint cytologic specimens of 109 sur-
gically resected primary lung cancers from January
2005 to April 2007 were studied. All of the cases were
histologically diagnosed as primary lung cancer. The
cytologic specimens were fixed with 95% ethanol; 1 was
subjected to Papanicolaou staining. The others were
subjected to immunocytochemistry. Primary antibod-
ies used in the current study were mouse anti-human
chromogranin A (CGA) (LK2H10, Serotec Ltd, Ox-
ford, U.K.), rabbit anti-human synaptophysin (SYN)
(266, Zymed Laboratories Inc, South San Francisco,
California, U.S.A.), mouse anti-human neural cell ad-
hesion molecule (NCAM) (123C3, Santa Cruz
Biotechnology Inc., Santa Cruz, California, U.S.A),
mouse anti-human neuron specific enolase (NSE)
(140500410, Quartett Immunodiagnostika und Bio-
technologie, Berlin, Germany), mouse anti-human
cytokeratins 1, 5, 10 and 14 (CK34BE12) (NCL-
CK34BE12, Novocastra Laboratories Ltd, Newcastle

upon Tyne, U.X.), mouse anti-human thyroid tran-
scription factor-1 (TTF-1) (NCL-TTF-1, Novocas-
tra), mouse anti-human cytokeratin 18 (CK18) (ab668,
Abcam, Cambridge, U.K.) and mouse anti-human
E-cadherin (4A2C7, Zymed). CGA, SYN, NCAM
and NSE are neuroendocrine differentiation (NE) mark-
ers. CK34BE12 is a set of high molecular weight cyto-
keratins, TTF-1 is a 40-kDa tissue-specific homeodomain-
containing transcription factor of the Nkx2 gene fam-
ily that is expressed in the thyroid glands, lungs and
some restricted areas of the diencephalons during de-
velopment. CK18 is an acidic keratin found primarily
in nonsquamous epithelia. E-cadherin is involved in
the maintenance of epithelial tissue in adults.

The endogenous peroxidase activity was blocked
with a 0.3% H,0,-methanol solution. After the rinse
in 0.01 mol/L of phosphate-buffered saline (PBS), pH
7.4, the slides were subjected to the primary antibody
reaction for 10-30 minutes. The antigen-antibody
complexes were visualized using a biotin-streptavidin

Figure 1 Typical staining of large cell neuroendocrine carcinoma. CGA = chromogranin A, NCAM = neural cell adhesion molecule,
Pap = Papanicolaou, SYN = synaptophysin (x 40).
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Table ! Immunocytochemical Results of Various Biologic Markers

Tumor CGA SYN NSE NCAM TTE-1 CK34pE12 CK18 E-cadherin
Sq 0/35 {0} 0/34 (0) 7/33(21) 0/34(0) 4/35(11) 22/35 (63) 17/29 (59) 4/26 (15)
Ad 2/66 (3) 3/68 (4) 29/67 (43) 4/68 (6} 45/64 (70) 53/67 (79) 56/63 (89) 19/56 (34)
Ad with NE 0/2{(0) 1/2(50) 1/2 (50) 1/2(50) 1/1(100) 2/2(100) 2/2(100) N/A
LCNEC 2/2(100) 2/2(100) 1/2 (50} 1/2 (50) 0/2 (0} 0/2 (0) 1/1(100) 0/1 (0)
SCLC 1/2(50) 0/2{0) 2/2 (100) 0/2{0) 2/2(100) 1/2(50) 1/2(50) 0/2(0)

aNumbers in parentheses are percentages. Numerator is the number of positive staining and the denominator is the number of cases examined.

Fisher's exact test p < 0.05 Sq + Ad + Ad with NE vs, LCNEC + SCLC.

CGA and SYN stained more frequently in pulmonary neuroendocrine tumor than in non-small cell lung cancer.

detection system (Histofine immunostaining kit,
Nichirei Ltd, Tokyo, Japan). In brief, the slides were
incubated with biotinylated secondary antibody for 10
minutes followed by a streptavidin-peroxidase com-
plex for 10 minutes. The peroxidase was visualized
with 3-3'-diaminobenzidine tetrahydrochloride (DAB),
and then the slides were counterstained lightly with
hematoxylin. Immunocytochemical staining results
were evaluated as negatve if <10% of tumor cells
were stained or positive in the case of > 10% stained.

Results

Histologic diagnoses of 109 cases examined were as
follows; adenocarcinoma (Ad) in 68 cases, squamous
cell carcinoma (Sq) in 35 cases, Ad with NE in 2 cases,
LCNEC in 2 cases and SCLC in 2 cases. And these
LCNEC and SCLC cases had pure histologic fea-
tures, respectively, Typical positive staining was
shown in Figure 1. TTF-1 was nuclear staining and
the other antibodies were cytosolic staining.

The results of positive staining are shown in Table
I. Some Sq and Ad showed positive staining of NSE.,
On the other hand, CGA and SYN stained signifi-
cantly more in LCNEC and SCLC than in Sq, Ad and
Ad with NE (Fisher’s exact test, p<0.05). TTF-1
stained more in Ad, but TTF-1 did not distinguish
neuroendocrine tumor from other lung cancers be-
cause of less staining rate for Sq. CK34BE12 was
stained more in nonneuroendocrine tumors, which

was not statistically significant because of the insuffi-
cient number of neuroendocrine tumors. Some Sq and
Ad showed positive staining of CK18 or E-cadherin,
so these 2 antibodies were not useful for differential
diagnosis of LCNEC.

Table II shows the positive staining rate of NE
marker for Ad and Sq stratified with tumor differenti-
ation. Tumor differentatdon of Ad and Sq was not
correlated to the NE marker staining rate.

CGA, SYN and NCAM were selected to examine
whether a combination of these 3 markers was useful
to distinguish neuroendocrine tumor from other lung
cancers, because NSE was stained in some cases of Ad
and Sq. Table III shows the positive staining rate of
multiple neuroendocrine markers. Of 66 adenocarci-
nomas, 4 (6%) showed positive staining of any 1 of 3
NE markers. Only 1 adenocarcinoma showed positive
staining of any 2 markers.

From the results stated above, CGA, SYN, NCAM
and CK34BE12 were selected to examine whether
these 4 antibodies can distinguish LCNEC from other
NSCLGCs. If 2 or 3 antibodies of CGA, SYN and
NCAM were stained positive and CK34BE12 was not
stained, LCNEC can be selected accurately among
other NSCLCs with 100% sensitdvity and 100% spec-
ificity (Table IV).

Discussion
LCNEC was first described in 1991.5 In the WHO

Table Il Immunocytochemical Results of Various Biologic Markers Stratified with Histology Type and Tumor Differentiation
CGA SYN NSE NCAM TTF-1 CK34BE12 CKis E-cadherin
Adenocarcinoma .
Well 1/27 (4 1/29(3) 10/28 (36) 2/29 (7} 20/28(71) 22/29 (76) 23/26 (88) 7/23 (30
Moderate 1/22(5) 1/22(5) 14/22 (64) 2/22 (9) 16/20 (80) 15/21(71) 18/20 (90} 7/18(39)
Poor 0/17 {0) 1/17 (6) 5/17 (29) 0/17 (0) 9/16 (56) 16/17 (94) 15/17 (88} 5/16 (31}
Squamous celt carcinoma .
Well 0/7 (0) 0/7 (0) 2/7 (29) 0/7 (0) 17(14) 3/7(43) 1/4(25) 1/4(25)
Moderate 0/23(0) 0/22(0) 4/21(19) 0/22 (0) 2/23(9) 15/23 (65) 12/20 (60) 1/17 (6)
Poor 0/5(0) 0/5(0) 1/5 (20) 0/5 {0} 1/5(20) 4/5 (80) 4/5 (80} 2/5(10)

aNumbers in parentheses are percentages. Numerator is the number of positive staining and the denominator is the number of cases examined.
Positivity rate of antibodies examined was not correlated with tumor differentiation of both adenocarcinoma and squamous cell carcinoma.
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Table 1l Immunocytochemical Results of Neuroendocrine Markers
Any 1 of Any 2 of Any 3 of
Tumor CGA, SYN and NCAM CGA, SYN and NCAM CGA, SYN and NCAM
Sq 0/34(0)2 0/34(0) 0/34 (0)
Ad 4/66 (6) 1/66 (2) 0/66 (0)
Ad with NE 1/2 (50 1/2 (50) 0/2 (0)
LCNEC 0/2 (0) 1/2{50} 1/2{50)
scLe 0/2(0) 1/2 (0} 0/2{0)

aNumbers in parentheses are percentages. Numerator is the number of positive staining and the denominator is the number of cases examined.
Four of 66 Ads (6%) showed positive staining of any 1 of 3 NE markers. Only 1 adenocarcinoma showed positive staining of any 2 markers.

revised classification in 1999, LCNEC was classified
as a variant of large cell carcinoma and also catego-
rized in neuroendocrine tumors of the lung.* The
major categories of neuroendocrine tumors are SCLC,
LCNEC, atypical carcinoid and typical carcinoid.
The major focus of differential diagnosis of LCNEC
has so far been to distinguish it from SCLC.5-® How-
ever, it has been sometimes difficult preoperatively to
distinguish LCNEC from other NSCLCs such as
classic large cell carcinoma, poorly differentiated Ad
or poorly differentiated Sq even after the WHO re-
vised classification became well known. Doddoli et al®
reported clinicopathologic characteristics of 20 cases
of LCNEC who underwent anatomic resection.
Fleven cases had a preoperative diagnosis of lung can-
cer. Among them, 4 had a preoperative diagnosis of
LCNEC and 7 cases had a diagnosis of undifferentiat-
ed NSCLC. As a result, among LCNEC cases who
had a preoperative diagnosis of lung cancer, ~64% (7
of 11) were diagnosed as having NSCLC except
LCNEC. Paci et ali® reported 48 patients with surgi-
cally resected LCNEC. A preoperative diagnosis of
LCNEC was not made for any of the cases, and 27
cases had a preoperative diagnosis of NSCLC, which
meant all patients who had a preoperative diagnosis
were diagnosed as NSCLC except LCNEC.

Because only a small tissue specimen can be ob-
tained preoperatively, it is quite difficult to diagnose
histologically even if immunohistochemistry (IHC)
can be done. On the other hand, a sufficient quantity
of cytologic specimens to be diagnosed can be rela-
tively easily obtained by bronchoscopy, percutaneous
needle aspiration and so on. Accordingly, cytologic
evaluation may be useful and helpful to the preopera-
tive diagnosis. However, cytomorphologic approach
with Papanicolaou staining has shown difficulty in dis-
tinguishing accurately between LCNEC and SCLC.®
Therefore, in the present study, immunocytochem-
istry was used in addition to the usual morphologic ap-
proach with Papanicolaou staining.

The current study revealed that immunocytochem-
istry can help distinguish LCNEC accurately from
other NSCLCs. Our results indicated that § slides

(Papanicolaou, CGA, NCAM, SYN and 34BE12)
could be enough to diagnose cytologically in each
case.

Poorly differentiated Ad or Sq is sometimes difficult
to distinguish morphologically from LCNEC. How-
ever, tumor differentation of Ad and Sq was not cor-
related to the staining rate of CGA, SYN, NCAM and
CK34pE12. Thus our criteria can distinguish LCNEC
even from poorly differentiated NSCLC. '

The drawback of the present study is the insuffi-
cient number of LCNEC cases examined. The rea-
sonable question that the present study cannot answer
precisely is how frequently LCNEC is stained with
CK34BE12 or NE markers. Consider the following
published reports. Peng et alé examined 16 cases of
LCNEC and 9 cases of large cell carcinoma with neu-
roendocrine morphology (LCCNM) with THC. They
reported that CK34BE12 produced negative results in
14 cases of LCNEC (88%) and positive results in 6
cases of LCCNM (67%). They also reported CGA
had the highest specificity among NE markers. Harada
et all! studied immunohistologically 13 cases of
LCNEC and reported all cases had positive staining
for either CGA or SYN. Sturm et al'? reported
CK34BE12 expression of 64 cases of LCNEC, 56
cases of SCLC and 50 cases of carcinoids. All of these

Table IV immunocytochemical Results of CGA, SYN, NCAM and

CK348E12
2 or 3 positive staining among
CGA, SYN and NCAM, and negative
staining of CK34pE12
5q 0/34
Ad 0/66
Ad with NE 0/2
LCNEC 2/2
SCLC 0/2

The denominator means the number of cases examined, and the numerator
means the number of cases showing any 2 or all positive staining among
CGA, SYN and NCAM, and negative staining of CK34BE12.

If 2 or 3 markers of CGA, SYN and NCAM were stained positive and CK34BE12
was not stained, LCNEC can be selected accurately among other NSCLCs with
100% sensitivity and 100% specificity.
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NE tumors were consistently negative staining, sug-
gesting CK34BE12 expression excludes the NE tu-
mors of the lung. All of these immunohistochemical
studies support our results and proposal.

TTF-1 was also evaluated in the current study.
Sturm et al!3 reported that positive immunostaining
for TTF-1 was detected in 49% of LCNECs. Zamec-
nik and Kodet!* showed that positive staining for
TTF-1 was found in 75% of Ad, 50% of pure large
cell carcinomas and none of Sq. These reports and our
results suggested that CK34BE12 was more helpful
than TTF-1 in distinguishing between other NSCLCs
and LCNECs.

Nitadori et al” showed that expression of CK18 and
E-cadherin was more characteristic of LCNEC than
of SCLC. However, our results indicated CK18 and
E-cadherin were not useful in distinguishing between
LCNEC and other NSCLCs.

Marmor et al!> reported transthoracic fine needle
aspiration (FINA) in the diagnosis of LCNEC. Cyto-
logic materials were immunostained with NSE, CGA
and SYN. Because they did not examine NSCLC, ex-
cept LCNEC, the accuracy of their procedure to dis-
tinguish LCNEC from other NSCLCs was not
known. But they showed transthoracic, FINA can be
used for the immunostaining of cytologic materials.
We used tumor touch imprint as a cytologic specimen
in the current examination. Our procedure was com-
pleted in an hour; thus it can be easily applied in cyto-
logic diagnosis during surgical operation. We plan to
use transthoracic FNA for preoperative diagnosis,
using 5 smear slides—Papanicolaou, CGA, SYN,
NCAM and 34BE12—for preoperative diagnosis of
LCNEC.

References

1. Asamura H, Kameya T, Matsuno Y, Noguchi M, Tada H,
Ishikawa Y, Yokose T, Jiang SX, Inoue T, Nakagawa K, Tajima
K, Nagai K: Neuroendocrine neoplasms of the lung: A prog-
nostic spectrum. J Clin Oncol 2006;24:70-76

2. Iyoda A, Hiroshima K, Nakatani Y, Fujisawa T: Pulmonary
large cell neurcendocrine carcinoma: Its place in the spectrum
of pulmonary carcinoma. Ann Thorac Surg 2007;84:702-707

3. Yamazaki S, Sekine I, Matsuno Y, Takei H, Yamamoto N, Ku-
nitoh H, Ohe Y, Tamura T, Kodama T, Asamura H, Tsuchiya
R, Saijo N: Clinical responses of large cell neuroendocrine car-

cinoma of the lung to cisplatin-based chemotherapy. Lung
Cancer 2005;49:217-223

40 ACTA CYTOLOGICA  Volume 53 Number 1

10.

11.

12.

13.

14.

15.

January-February 2009

. Brambilla E, Travis WD, Colby TV, Corrin B, Shimosato Y:

The new World Health Organizadon classification of lung w-
mours. Eur Respir J 2001;18:1059-1068

. Travis WD, Linnoila RI, Tsokos MG, Hitchcock CL, Cutler

GB Jr, Nieman L, Chrousos G, Pass H, Doppman J: Neuroen-
docrine tumors of the lung with proposed criteria for large-cell
neurcendocrine carcinoma: An ultrastructural, immunohisto-
chemical, and flow cytometric study of 35 cases. Am ] Surg
Pathol 1991;15:529-553

. Peng WX, Sano T, Oyama T, Kawashima O, Nakajima T:

Large cell neuroendocrine carcinoma of the lung: A compari-
son with large cell carcinoma with neuroendocrine morpholo-
gy and small cell carcinoma. Lung Cancer 2005;47:225-233

. Nitadori ], Ishii G, Tsuta K, Yokose T, Murata Y, Kodama T,

Nagai X, Kato H, Ochiai A: Immunchistochemical differental
diagnosis between large cell neurcendocrine carcinoma and
small cell carcinoma by tissue microarray analysis with a large
antibody panel. Am J Clin Pathol 2006;125:682-692

. Hiroshima X, Abe S, Ebihara Y, Ogura S, Kikui M, Kodama T,

Komatsu H, Saito Y, Sagawa M, Sato M, Tagawa Y, Nakamu-
ra S, Nakayama T, Baba M, Hanzawa S, Hirano T, Horai T:
Cytological characteristics of pulmonary large cell neuroen-
docrine carcinoma. Lung Cancer 2005;48:331-337

. Doddoli C, Barlesi F, Chetaille B, Garbe L, Thomas P, Giudi-

celli R, Fuentes P: Large cell neuroendocrine carcinoma of the
lung: An aggressive disease potendally weatable with surgery.
Ann Thorac Surg 2004;77:1168-1172

Paci M, Cavazza A, Annessi V, Putrino I, Ferrari G, De Franco
S, Sgarbi G: Large cell neuroendocrine carcinoma of the lung:
A 10-year clinicopathologic retrospective study. Ann Thorac
Surg 2004;77:1163-1167 )

Harada M, Yokose T, Yoshida J, Nishiwaki Y, Nagai K: Im-
munohistochemical neuroendocrine differentiation is an inde-
pendent prognostic factor in surgically resected large cell carci-
noma of the lung. Lung Cancer 2002;38:177-184

Sturm N, Rossi G, Lantuejoul S, Laverriere MH, Papottu M,
Brichon PY, Brambilla C, Brambilla E: 34BetaE12 expression
along the whole spectrum of neuroendocrine proliferadons of
the lung, from neuroendocrine cell hyperplasia to small cell car-
cinoma. Histopathology 2003;42:156-166

Sturm N, Rossi G, Lantuejoul S, Papotd M, Frachon S, Claraz
C, Brichon PY, Brambilla C, Brambilla E: Expression of thy-
roid transcription factor-1 in the spectrum of neuroendocrine

cell lung proliferations with special interest in carcinoids. Hum
Pathol 2002;33:175-182

Zamecnik ], Kodet R: Value of thyroid transcripdon factor-1
and surfactant apoprotein A in the differendal diagnosis of pul-
monary carcinomas: A study of 109 cases. Virchows Arch 2002;
440:353-361

Marmor S, Koren R, Halpern M, Herbert M, Rath-Wolfson L:
Transthoracic needle biopsy in the diagnosis of large-cell neu-

roendocrine carcinoma of the lung. Diagn Cytopathol 2005;33:
238-243

135






